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METHODS FOR TRACKING USERS IN A COMMUNICATION NETWORK 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to tracking users in communication systems 
or networks supporting Broadcast-Multicast services (BCMCS). 
Related Art 

[0002] Current second generation and third generation wireless systems are 
primarily designed to support unicast voice and data services. The support of these 
unicast services to the end user has been achieved through various advances in 
wireless and networking technologies. The current emphasis in international 
standardization bodies such as 3GPP and 3GPP2 is on the design of protocols and 
procedures that allow the support of Broadcast-Multicast Services (BCMCS) over 
evolving networks. BCMCS is a bandwidth-conserving technology that reduces traffic 
by simultaneously delivering a single stream of information to a large number of 
recipients. Examples of these services include voice dispatch or Press-To-Talk 
(PTT) type services, broadcast/multicast streaming, etc. 
[0003] There has been recent industry interest in the Public Safety Wireless 
Network (PSWN) context, where support of BCMCS may be especially important in 
terms of radio resource management. Radio resource management procedures may 
be needed to achieve low delay in establishment and delivery of BCMCS content, to 
provide scalability in terms of the number of multicast groups and/or number of users 
per multicast group, and to provide advanced service capabilities (e.g., ability to 
monitor/extract content from multiple BCMCS streams). Further, radio resource 
management procedures may be needed to achieve high spectral efficiency, to 
provide security (authentication, encryption and identity protection), and to improve 
mobile station battery life. Thus, radio resource management procedures that 
improve spectral efficiency and/or provide service flexibility are of interest to network 
operators. 
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[0004] In the unicast context, tracking of mobile stations within a geographic area 
is used primarily for the purposes of efficiently paging a mobile station. Mobile 
station tracking may perhaps become perhaps more important when assigning radio 
resources in the multicast context. In a cellular network, shared multicast radio 
channels should ideally be activated in a zone of cells or sectors for reliable 
reception. Depending on the level, or granularity, of tracking (i.e., accuracy of 
information at the network regarding the whereabouts of a BCMCS/PTT subscriber), 
radio resources may not be assigned in the proper sectors. As a result, there could 
be a significant loss in spectral efficiency for the network operator, and/or loss in 
quality of service perceived by a BCMCS/PTT subscriber. 
[0005] Mobile stations that have an active uplink (e.g., those that send traffic or 
control signaling at regular intervals) can be tracked at the granularity of a sector. 
However, this is not expected to be the predominant operating mode for 
BCMCS/PTT where mobile stations are mostly idle or actively monitoring BCMCS 
content on the downlink. In such cases, it may be impractical for each user to 
maintain an active uplink, due to potentially large numbers of BCMCS subscribers. 
For such situations where maintenance of an active uplink is not feasible, tracking is 
typically accomplished through timer-based or event driven registration procedures. 
In addition to assisting procedures such as tracking, mobile station registration 
procedures also provide, to the network, information regarding subscription to 
specific services, radio priorities, etc. Timer-based procedures require mobiles to 
register with the network at given intervals (e.g. periodic intervals). Event driven 
triggers require mobiles to send a registration message to the network when an 
important event occurs (e.g. mobile decodes a change in location area). 
[0006] Depending on the options employed for registration, either fine tracking of 
mobiles down to the granularity of a sector, or coarse tracking of mobiles over a 
large number of sectors, is possible. If coarse tracking is employed, physical 
broadcast/multicast (BCMC) radio channels may need to be established in a large 
number of sectors that are not needed for reliable BCMCS content delivery, resulting 
in a waste of radio resources. Since it may not be possible to derive the benefits of 
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power control in a network supporting BCMCS the power fractions needed to support 
a BCMC radio channel can be quite high. This limits the number of BCMC radio 
channels and/or unicast channels that can be simultaneously supported within a 
sector. Coarse tracking may therefore be unacceptable and may waste potentially 
scarce radio resources, as the network may have to transmit a BCMC stream within 
a large area, including sectors where mobile stations may not be present. On the 
other hand, tracking at the level of a sector (fine tracking) can result in excessive 
uplink overhead arising from frequent and sometimes unnecessary registrations by 
the mobile stations, thus overloading the uplink. 

[0007] Mechanisms currently proposed for BCMCS registration include timer- 
based registration; registration on occurrence of certain events (e.g., power on, 
starting or stopping to monitor a multicast group); Registration Required Indication 
enabled in broadcast system parameter overhead on a new sector; and use of 
paging zone updates. These registration mechanisms are not well suited to tracking 
BCMCS subscribers that have any significant mobility (movement) across the 
network. 

[0008] With timer based registrations, short timer values (the timer value may 
depend on the user mobility and desired accuracy) are needed for accurate tracking, 
otherwise the time elapsed from the previous registration may be quite long, 
potentially resulting in considerable ambiguity regarding mobile station location at the 
start of a BCMCS/PTT call. Long timers require radio resources to be assigned over 
a larger area to account for tracking uncertainty, thus resulting in spectral 
inefficiency. Although short timer values allow finer tracking, they result in large 
uplink overhead and reduce mobile battery life. They also result in repetitive 
unnecessary registrations from static (stationary) users. 

[0009] Events such as "power on" and "start/stop monitoring" tend to be quite 
infrequent and dependent on end user behavior. As a result, these registration 
'triggers' are not likely to be sufficient for the purpose of tracking. Relying on 
alternative fine tracking mechanisms such as the use of a "Registration Required" 
indicator bit within the broadcast system parameter overhead (i.e., group polling) of 
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each sector may also give rise to a large number of spurious registrations from 
relatively static mobiles. Since the total number of BCMCS/PTT groups may be quite 
large, introducing such group polling mechanisms for all possible groups is 
inefficient. 

[0010] Paging zone updates have been proposed to reduce downlink paging load 
for packet data services in cdma2000®, Revision D. Each paging zone is assigned a 
paging zone identifier which is indicated in the broadcast overhead by all sectors 
within the paging zone. Mobile stations are associated with the paging zone 
corresponding to the sector having the strongest received pilot strength. The mobile 
stations report back to the network every time the paging zone changes. While this 
paging zone technique is reasonable in the unicast context, it does not allow efficient 
operation in the case of BCMCS. In particular, since mobile stations do not report 
updates regarding soft handoff candidates (i.e., sectors from which the received 
signal strength is sufficiently high) for a BCMC radio channel unless a sector from a 
different paging zone becomes the strongest in terms of pilot strength, this approach 
may not be suited to supporting soft handoff at paging zone boundaries. Moreover, 
hysteresis timers employed in paging zone updates for registration ensure that users 
will keep sending paging zone registration update messages upon hysteresis timer 
expiration, even if the paging zone corresponding to the strongest sector is 
unchanged. 

SUMMARY OF THE INVENTION 
[001 1] Exemplary embodiments of the present invention are direction to a method 
of tracking a user in a communication network supporting a broadcast-multicast 
service. In the method, the network classifies groups of users into tracking areas. 
Movement of a user may be tracked as the user crosses a boundary between two 
tracking areas in the network. The method may enable a balance to be achieved 
between use of uplink overhead and the level or granularity of tracking desired, so as 
to conserve radio resources. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] Exemplary embodiments of the present invention will become more fully 
understood from the detailed description given herein below and the accompanying 
drawings, wherein like elements are represented by like reference numerals, which 
are given by way of illustration only and thus are not limitative of the exemplary 
embodiments of the present invention and wherein: 

[0013] FIG. 1 illustrates a mobile station registration procedure upon detection of 
a tracking area change in accordance with the exemplary embodiments of the 
present invention. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 
[0014] Although the following description is described as based on a generic 
wireless communication network or system supporting Broadcast-Multicast services 
(BCMCS), and will be described in this exemplary context, it should be noted that the 
exemplary embodiments shown and described herein are meant to be illustrative 
only and not limiting in any way. As such, various modifications will be apparent to 
those skilled in the art for application to wireless communication systems or networks 
based on 3G-1x EV-DO, 3G-1x EV-DV and UMTS technologies that may currently 
support or be adapted to support BCMCS, for example, and are contemplated by the 
teachings herein. 

[0015] Additionally where used below, the term 'user' may be considered 
synonymous to user equipment, subscriber, BCMCS subscriber, mobile station, 
remote station, access terminal, etc., and describes a remote user of wireless 
resources in a wireless communication network. A user may also be occasionally 
referred to as a receiver of a multicast message. The terms base station and Node-B 
may be considered synonymous, and describe equipment that provides data 
connectivity between a network and one or more mobile stations. A system or 
network (such as an access network) may include one or more base stations. 
[0016] Point-to-multipoint services such as BCMCS allow data from a single 
source entity to be transmitted to multiple endpoints. BCMCS is intended to 
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efficiently use radio/network resources in transmitting data over a radio channel. 
Data may be transmitted to multicast areas as defined by the network. A network 
may selectively transmit BCMCS content on sectors within the multicast area which 
contain members of a multicast group. 

[0017] A BCMCS received by a user may involve one or more successive 
multicast sessions. For example, a BCMCS service might consist of a single on- 
going session (e.g. a multimedia stream) or may involve several intermittent BCMCS 
sessions over an extended period of time (e.g. messages). Applications that may 
take advantage of BCMCS, and hence, of the exemplary embodiments of the 
present invention, may include, but are not limited to, voice dispatch or Press-To- 
Talk (PTT) type services, broadcast/multicast streaming, videoconferencing, 
corporate communications, distance learning, online bidding, online gaming and 
distribution of software, stock quotes, and news, etc. 

[0018] In general, the exemplary embodiments of the present invention are 
directed, in one aspect, to a method of tracking a user moving across a network in 
such a way that a balance, or tradeoff, may be achieved between uplink overhead 
and the level or granularity of tracking desired. Tracking users at a finer granularity 
enables a more efficient use of forward link radio resources, but requires increasingly 
large reverse link overhead. 

[0019] The network classifies groups of sectors into what are referred hereafter 
as 'tracking areas'. Tracking areas may be understood as one or more groups of 
sectors, or a collection of groups of sectors, where each sector may contain users 
that subscribe to BCMCS content. Classifying groups of sectors into tracking areas 
may enable mobile stations to be accurately tracked, without wasting radio 
resources, as the mobile stations move across the network. This may provide 
benefits, both in terms of paging, as well as for efficiently assigning radio resources 
for BCMCS. 

[0020] As to be described in further detail hereafter, mobile station procedures 
may be defined to allow tracking area change updates (e.g. detection of tracking 
area changes and/or transmission of tracking area registrations) with minimal uplink 
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and downlink overhead, thereby improving system capacity and reducing mobile 
battery consumption. 

[0021] For the following discussion, a mobile station may be referred to as 
'BCMCS active' if the mobile station is actively monitoring any BCMCS group, and as 
BCMCS idle' otherwise. Tracking area registration procedures are discussed 
separately for each of these cases. 

[0022] Non-overlapping groups of sectors are classified into BCMCS tracking 
areas. A system overhead message, commonly referred to as 'Broadcast Service 
Parameters Message' is transmitted by each sector and indicates whether or not 
tracking area updates are required for one or more designated users in the sector. 
This may be achieved, for example, by including a single "Tracking Area Update 
Enabled Indicator" (TAUEI) bit in the system overhead of the sector. This bit may be 
set to '0' to represent that tracking area updates are disabled for the sector and set 
to T to indicate that tracking area updates are enabled for the sector. For example, 
the network may disable tracking area updates by setting TAUEI to '0' within the 
interior of a tracking area and enable tracking area updates in sectors on a boundary 
between two or more tracking areas by setting this bit to '1 '. The network may also 
use this bit to disable tracking area updates if it determines that the uplink is 
overloaded. 

[0023] Each sector may also include a timer value, referred to as T reg , in system 
overhead messages. T reg is required between registrations in order to reduce uplink 
overhead; thus the timer value is provided in order to control the rate at which 
registrations are sent on the uplink (e.g. for users that straddle tracking area 
boundaries and trigger multiple event-based registrations within short intervals. 
Adding and dropping criteria are employed to maintain a shortlist of sectors for the 
purpose of determining a tracking area change. Similar criteria are employed in 
systems that rely on soft handoff (e.g., cdma2000, UMTS (where mobile stations 
soft-combine duplicate transmissions from multiple sectors)) where only neighboring 
sectors that satisfy certain adding criteria (e.g., pilot strengths exceeding a given 
Tadd threshold) are considered candidates for soft combining. These sectors are no 
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longer considered candidates if the sectors do not meet certain dropping criteria 
(e.g., pilot strengths fall below a given T D rop threshold for some period of time). 
[0024] BCMCS idle mobile stations moving across tracking area boundaries may 
provide tracking area registration updates to the network upon expiration of a 
configurable minimum time interval, T r eg, if one of the following conditions hold: 

(a) At least one of the M strongest sectors (highest pilot channel signal 
strength) that have satisfied the adding criteria, but have not yet been dropped, 
belongs to a different tracking area, as compared with the previous reporting 
instance; or 

(b) If pilot strengths from all sectors belonging to a tracking area that was 
previously reported satisfy the dropping criteria (exceed T DRO p). 

[0025] The tracking area registration update messages sent on the uplink to the 
network may also include the pilot strengths of the N strongest sectors, assuming 
that these have satisfied the adding criteria but have not yet satisfied the dropping 
criteria. The network may use this information in order to determine in which sectors 
to page a mobile, or in which sectors radio resources need to be assigned to a 
particular BCMC group of users. 

[0026] Tracking areas for BCMCS may have much finer granularity than 
conventional registration zones or paging zones, since the primary purpose of the 
tracking areas is for efficiently assigning radio resources to BCMC traffic, not solely 
paging. However, there is still value in 'piggybacking', e.g., including the BCMCS 
tracking area when performing a paging zone/registration zone update or vice versa. 
In the event that such piggybacking is employed, timer based controls (i.e., 
adjustment of T reg or similar alternative timers employed to mitigate registration load 
from paging or registration zone changes) are exercised to ensure that the total 
registration load due to registration zone, paging zone and BCMCS tracking area 
procedures does not exceed a maximum, given registration load resulting from any 
one of these procedures. 

[0027] A BCMCS active mobile station that detects a change in tracking area 
sends a registration only if it determines that a BCMC group call (i.e., the flow(s) of 
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IP packets containing communications directed to members (users) of the multicast 
group) it is interested in monitoring is not already assigned radio resources in one or 
more of the M strongest sectors. The BCMCS active mobile may determine this by 
decoding system overhead messages from each candidate sector that satisfies the 
aforementioned adding criteria. Alternatively, the strongest serving sector can 
include such neighbor sector information (e.g. physical channel configuration etc.) for 
each group in its overhead where it can be obtained by the BCMCS active mobile. 
[0028] In such cases, the tracking area registration update may additionally 
include fields identifying the BCMCS flow(s) that the BCMCS active mobile is 
interested in monitoring. Separate overhead bits may be employed by each sector to 
indicate whether or not a BCMCS active mobile station subscribing to a particular 
group is allowed/required to send such registrations. 

[0029] FIG. 1 illustrates a mobile station registration procedure upon detection of 
a tracking area change in accordance with the exemplary embodiments of the 
present invention. Referring to FIG. 1, a mobile station (MS1) initially detects a pilot 
signal ('pilot') of a sector only from tracking area 1 (TA1). MS1 subsequently moves 
to a location where it detects pilots from sectors belonging to TA1 and TA2. Upon 
expiration of the timer T reg , if the adding criteria (e.g. MS1 compares the pilots to the 
Tadd threshold) are met, MS1 detects a change in tracking area and sends a 
registration that is triggered by the tracking area change of MS1 from TA1 to TA2. 
This registration, which may be referred to as a 'tracking area update registration 
message', is transmitted by MS1 on the uplink to the network. The timer T reg is 
started when the registration is transmitted by MS1. 

[0030] The approach described in FIG. 1 does not result in spurious registrations 
if the tracking area is unchanged. As a result, sectors with pilots that meet the adding 
criteria but are weaker than the strongest serving sector can still trigger tracking area 
registrations and soft combining benefits. In other words, improved performance 
and/or reduced power requirements can be achieved. 

[0031] The following exemplary embodiments of the above method describe 
detecting tracking area changes and triggering tracking area registration updates. 
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BCMCS Tracking Area Ind x (BTAO Approach: 

[0032] In this approach, sectors within a tracking area are assigned a Tracking 
Area Index (TAI). Each sector carries the BCMCS Tracking Area Index (BTAI) and 
Tracking Area Update Enabled Indicator (TAUEI) in an overhead message. The 
TAUEI may be implicit in the BTAI if a BTAI value is reserved to disable tracking 
area registration updates, or if the BTAI value is not included in the overhead 
message. BTAI overhead can be reduced by reusing BTAI values in tracking areas 
that are sufficiently far apart. If a TAUEI for the current sector (e.g. sector with 
strongest pilot) is enabled and timer T reg has expired, mobile stations examine the 
BTAIs of the strongest serving sector and candidate neighbors (e.g. M strongest 
sectors that have satisfied adding criteria and have not yet been dropped) in order to 
determine changes in tracking area from the previous transmission of a tracking area 
registration. If a change is detected, then a tracking area registration that indicates 
this change is sent and the timer T reg is restarted. 

[0033] The BTAI approach enables mobile stations to determine tracking area 
changes without any ambiguity and can avoid spurious registrations on the uplink. 
However, if neighbor sector BTAIs are not indicated by each sector within the 
overhead message, changes in tracking area resulting from weaker neighbor sectors 
that satisfy adding criteria (rather than a change in the strongest serving sector) may 
only be detected by independently decoding the overhead channels of these 
neighbor sectors. BTAI values of all sectors in the neighbor list are included in the 
overhead message if the network determines that reliable decoding of these 
neighbors is not possible 
Sector Identifier Approach: 

[0034] In this approach, tracking area indices are not indicated in the overhead 
message, and mobile stations need not be made aware of BTAIs. However, a sector 
identifier may be determined through other means. Exemplary methods include pilot 
PN offset detection (as in IS-95/cdma2000 systems), primary scrambling code 
detection (as in UMTS) or explicit signaling within the overhead messaging channel. 
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Tracking area changes may be detected by the mobile station in one of the following 
three ways. 

(a) BCMCS Tracking Area to Sector Mapping 

[0035] There is a mapping or association between sector identifiers and tracking 
areas that is either established a priori and known to the mobile station or is 
indicated through explicit signaling. A specific pre-determined mapping that is 
known to both the network and mobile station can be specified. Alternatively, the 
mapping can be described in generic terms such as a parametric description with 
precise configuration of parameters through signaling in the overhead message. 
[0036] 

(b) BCMCS Neighbor Sector Tracking Area Indicator Bitmap 
[0037] For each sector, a list of neighboring sectors will be specified by the 
network. The list of neighbor sectors may the same as that employed for unicast 
services or may be unique for BCMCS. Signal strengths from sectors included in this 
neighbor list are typically measured by mobile stations in order to determine whether 
they are candidates for soft handoff. Each sector's overhead message may indicate 
whether sectors in the neighbor list belong to the same tracking area as the sector or 
to a different tracking area. Table 1 is an exemplary bitmap for the case with eight 
neighbors (neighboring sectors). Each neighbor is denoted as ny, where i denotes 
the tracking area and j denotes the neighbor sector index for the i th tracking area. As 
shown in Table 1 , each sector could just transmit a single bit for each neighbor 
sector indicating whether the neighbor sector's tracking area matches that of the 
current sector. 

[0038] In Table 1 , sectors n1 1 , n12, and n13 are three sectors that belong to the 
same tracking area, BTA1 as the current sector. Hence, the indicator bits for these 
sectors are set to '1'. Sectors n21 , n22, n31 , n32, and n33 belong to BTA2 and 
BTA3, both of which are different from the current sector's tracking area, BTA1 . 
Hence, the indicator bits for these sectors are set to '0'. If TAUEI for the current 
sector (e.g. sector with strongest pilot) is enabled and timer T reg has expired, mobile 
stations examine the indicator bits corresponding to candidate neighbors (e.g. M 
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strongest sectors that have satisfied adding criteria and have not yet been dropped) 
in order to determine changes in tracking area from the previous transmission of a 
tracking area registration. If a change is detected, then a tracking area registration 
that indicates this change is sent and the timer T reg is restarted. 



Table 1 



BTA 


BTA 1 


BTA 2 


BTA 3 


Neighbor 


n11 


n12 


n13 


n21 


n22 


n31 


n32 


n33 


Bitmap 


1 


1 


1 


0 


0 


0 


0 


0 



Bitmap indicating BCMCS tracking area (BTA) changes for 
neighbor sectors; BTA 1 denotes the tracking 
area of the strongest serving sector. 



(c) BCMCS Cluster Ordered Neighbor Sector Tracking Area Indicator 
Bitmap 

[0039] Here, cases where more than one neighbor sector belongs to the same 
tracking area (different from the strongest serving sector) can also be indicated. This 
allows unambiguous detection of tracking area changes and ensures that spurious 
registrations do not occur. 

[0040] The method used for indication is as follows. Neighbor sectors that belong 
to the same tracking area are classified into clusters. The clusters of neighbors to a 
particular sector are then ordered starting with those belonging to the same tracking 
area as the sector. Sector identifiers (e.g. PN offsets in cdma2000) of neighbor 
sectors (i.e., the neighbor list) are indicated in overhead messages in this order. For 
mobile station tracking with BCMCS, a single indicator bit is then transmitted for 
each neighbor sector thus resulting in the transmission of a run of bits for a cluster of 
neighbors within the same tracking area. The indicator bits for all neighbors within a 
cluster except the first one are set to the same value (say 1 , without loss of 
generality). The indicator bit for the first neighbor within a cluster is toggled in order 
to denote the change in tracking area corresponding to cluster boundaries (with the 
exception of the first cluster) An exemplary bitmap generated using this approach is 
shown in Table 2. 

[0041] Since the neighbor list is ordered into groups (sectors corresponding to 
BTA1 first, sectors corresponding to BTA2 next, etc.), the bitmap can be used to 
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indicate when the BTA corresponding to the current sector is different from the BTA 
of the previous sector in the ordered list. For example, n21 corresponds to a 
different BTA than that of the previous sector, n13. Hence, the indicator bit for n21 
is set to '0'. The next sector, n22, shares the same BTA as the previous sector in 
the ordered list, n21 , and its indicator is set to '1'. The next sector, n31 , has a 
different BTA than that of n22, so its indicator bit denotes a change and is set to '0'. 
The mobile therefore knows each sectors' identifier and the order of the neighbor list 
(each sector in the ordered list is referenced by its identifier). Hence, the mobile can 
simply look up the indicator bit for any particular sector and determine whether its 
tracking area matches that of the sector transmitting the bitmap. If TAUEI for the 
strongest serving sector (e.g. sector with strongest pilot) is enabled and timer T reg 
has expired, mobile stations examine the indicator bits corresponding to candidate 
neighbors (e.g. M strongest sectors that have satisfied adding criteria and have not 
yet been dropped) in order to determine changes in tracking area from the previous 
transmission of a tracking area registration. If a change is detected, then a tracking 
area registration that indicates this change is sent and the timer T reg is restarted. 

Table 2 



BTA 


BTA 1 


BTA 2 


BTA 3 


Neighbor 


n11 


n12 


n13 


n21 


n22 


n31 


n32 


n33 


Bitmap 


1 


1 


1 


0 


1 


0 


1 


1 



Cluster ordered bitmap indicating BCMCS tracking area (BTA) 
changes for neighbor sectors; BTA 1 denotes the tracking area of 
the strongest serving sector. 

[0042] The tracking of users across a network in accordance with the exemplary 
embodiments may be advantageous for a number of reasons. The method provides 
reasonably accurate information regarding the whereabouts of subscribers within 
each multicast group, i.e., sectors where radio resources need to be allocated at the 
start of a BCMC call. A network or system employing the tracking methods may 
make efficient use of downlink and uplink overhead for tracking, and may achieve 
greater reliability and/or reduced power requirements by allowing channels carrying 
BCMCS content to be in soft handoff. Further, mobile station battery life may be 
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conserved by avoiding unnecessary uplink and downlink activity (e.g. excessive or 
spurious registrations). 

[0043] The use of BCMCS Tracking Areas (TA) may enable improved tracking of 
BCMCS subscribers, thereby achieving improved spectral efficiency. Since BCMCS 
tracking areas may be used for assigning radio resources to BCMC traffic and not 
solely for paging, the tracking areas are likely to have much finer granularity than 
registration zones or paging zones. Additionally, maximum flexibility may be 
achieved by defining the corresponding network and mobile station procedures 
independently of unicast location areas or paging zones. Paging zones are built 
primarily for paging and may have specific procedures. BCMCS tracking areas are 
built for BCMC services and may have different procedures. Separating the two 
concepts may enable each procedure, paging and BCMCS, to be maximized. 
Tracking area change registrations are not meant to replace other types of 
registrations, but are intended to complement other types of registrations in order to 
provide a network with a substantial set of controls that help balance the tradeoff 
between the uplink overhead and the level of tracking desired. 
[0044] The exemplary embodiments of the invention being thus described, it will 
be obvious that the same may be varied in many ways. Such variations are not to 
be regarded as departure from the spirit and scope of the exemplary embodiments of 
the invention, and all such modifications as would be obvious to one skilled in the art 
are intended to be included within the scope of the following claims. 
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